In this study, three different catalysts were applied as catalysts for esterification of benzoic acid with ethanol, butanol and hexanol. These catalysts are ionic liquid, deep eutectic solvent, ion exchange resin. Amberlyst 15, ion exchange resin, was used as control catalyst to observe the catalytic activity of new generation solvent, deep eutectic solvent. Deep eutectic solvents show the similar properties with ionic liquids and have great attraction due to ease of preparation, low cost and environmentally friendly nature. They have many advantages such as reusability, stability, catalytically activity and removal of the reaction mixture. Deep eutectic solvents (DES) are composed hydrogen bond donor (HBD) and hydrogen bond acceptor (HBA). It has lower freezing point than that of individual constituents. In this study, p-toluene sulfonic acid (p-TSA) was used as HBD, benzyl tri-ethyl ammonium chloride (BTEAC) was used as HBA. DES formed by p-TSA and BTEAC was used as dual solventcatalyst for esterification of benzoic acid with different alcohols. DES gave high catalytic activity among three different catalysts, 88.3, 87.8 and 67.5% conversion of benzoic acid for ethanol, butanol and hexanol, respectively. The effects of time, temperature, alcohol type and catalyst type were investigated in a batch reactor at specified conditions. It was found that DES provided the simple, efficient and environmentally friendly method for the synthesis of benzoic acid ester.
Introduction
Synthesis of organic esters has a great role in organic synthesis and very large number of products of industrial interest is produced by the reaction between an organic acid and an alcohol. So, high ester use in the synthesis of drugs, fine chemicals, pharmaceuticals, solvents and plasticizers as intermediates makes these substrates one of the most important types of compounds in organic chemistry [1] . The synthesis of carboxylic esters involves the reaction of carboxylic acids with alcohols using suitable acidic catalysts.
Esterification of a carboxylic acid with an alcohol is very slow in the absence of catalyst. The extent of reaction of carboxylic acid is limited by the equilibrium constant, so that the complete conversion cannot be obtained [2] . So, use of suitable catalyst becomes more important. The catalytic activity, stability and reusability are the major concerns for the industrial applications to increase the rate of reaction. The popular catalysts for esterification reactions are homogeneous catalysts such as sulfuric acid, hydrochloric acid and heterogeneous catalysts such as ion exchange resins. The traditional catalysts for esterification reactions are generally homogeneous catalysts [3] [4] [5] , but these catalysts have several drawbacks; corrosion, separation from reaction mixture, side reactions and also environmental aspects. Instead of homogeneous catalysts, heterogeneous catalysts such as ion exchange resins [6] , zeolites [7] , supported heteropolyacids [8] have been used as acidic catalysts to accelerate the esterification reactions. However, many of these solid catalysts suffer from inherent drawbacks such as the need for expensive or harmful materials as reagents and catalysts, the formation of undesired side products, the use of hazardous and toxic solvents, the requirement of high reaction temperatures and prolonged reaction times, synthesis of low yield of products [9] . In addition, one of the most important disadvantages of using solid catalysts in benzoic acid esterification reactions is requirement of organic solvents.
The use of organic solvent creates waste and purification problems. Nowadays, new catalysts are being developed for synthesizing esters to minimize the pollution caused by traditional methods. Catalyst should have superior properties such as minimum waste disposal in addition to high catalytic activity and thermal stability.
Among the organic esters, benzoic acid esters are used in production of dyes, heat resistant lubricants, herbicides, alkali-resistant polyester coatings, and also as plasticizers for synthetic resins, cellulose ethers and esters, rubbers, and paper, as additives for dyeing fabrics made from manmade fibers, as polymerization catalysts, drugs, active ingredients of plant growth regulators, and cosmetic means [10] . Because of the industrial importance of benzoic acid esters, catalyst plays an important role in the esterification of benzoic acid. To synthesize high active catalytically, reusable, stable and also environmentally friendly catalyst for production of benzoic acid esters, is the main purpose of this study.
Recently, ionic liquids (ILs) have attracted more in various chemical processes due to their many superior properties such as nonvolatile, thermally stable properties, and ease of recyclability [11] . Chai et.al [11] 4 showed good catalytic activities in esterification of other alcohols like methanol, butanol, cyclohexanol, benzenemethanol, and lauryl alcohol with good to excellent yields (83-98%).
Owing to their low vapor pressure and high boiling point, which facilitates their recycling, ILs were qualified as green solvents, but many studies pointed out the hazardous toxicity and poor biodegradability of ILs. Also, their synthesis is far to be environmentally friendly since it generally requires a large amount of salts and solvents in order to completely exchange the anions. These disadvantages combine with the high price, ILs become less attractive for the industrial applications. [12] . Deep eutectic solvents (DES) have recently appeared as a new generation of ionic solvents of low cost and biodegradable. They are a combination of a hydrogen bond acceptor (HBA) and a hydrogen-bond donor (HBD), in which a new compound is formed, usually having much lower melting temperature than the components of the combination. DESs are advantageous because they can be easily prepared in high purity at low cost, and their components are biodegradable and possess low toxicity [13] . The use of DES is esterification reactions as both catalyst and solvent is limited [14] [15] [16] . De Santi [14] et.al studied the esterification of different acids and alcohols catalyzed by deep eutectic solvents. p-Toluenesulfonic acid and different ammonium salts were used as HBA and HBD, respectively. According to synthesized ester and used DES, different conversion values achieved between 40-97%.
In this study, we have tried to synthesize benzoic acid esters in simple, efficient, lower costly, environmentally friendly and recyclable way. 
Experimental Study 2.1 Materials
In this study, benzoic acid, ethanol, n-butanol and hexanol were used as reactants. Ionic liquid (1-Butyl-3-metylimidazolium chloride), deep eutectic solvent (formed by p-toluene sulfonic acid and benzyl triethyl ammonium chloride) and ion exchange resin (Amberlyst 15) were used as catalysts.
DES
As stated earlier, deep eutectic solvent was prepared by mixing certain amounts of HBA and HBD. The preparation method was explained in our previous study [15] . The mixtures containing different amounts of HBA and HBD were heated and stayed to cool. The freezing points of each mixture were obtained and the composition of HBA which gives the minimum freezing point was designated as eutectic point. In our previous study, eutectic point of DES was found as 0.3-0.7 (HBA-HBD ratio) and corresponding freezing point was 2°C. The physical properties give the idea about applicability of DES in any chemical process. Also, pH is important parameter in addition to physical properties because of the requirement of acidic catalyst. Density, viscosity, refractive index and pH values were given [16] . Density, viscosity and pH of synthesized DES were found as 1.1668 g/cm 3 , 12164 cP and -1 at room temperature.
Ionic Liquid
In this study, 1-Butyl-3-metylimidazolium chloride is used as a catalyst. Molecular formula is C 8 H 15 ClN 2 and molecular weight is 174.67 g/mol.
Ion exchange resin Amberlyst 15 was used ion exchange resin. Ionic form of resin is hydrogen and resin is macroporous, acidic, styrene divinyl benzene copolymer [17] .
Experimental Procedure
The experimental setup consists of reactor, heater equipped with temperature controller, magnetic stirrer and condenser. The heater gives the required energy to increase the reaction temperature to desired value. Temperature controller is used to maintain the reactor temperature at this value. Also magnetic stirrer provides the uniform mixing of reaction mixture; uniform temperature and concentration distribution are assumed in reactor. The coolant circulating through condenser prevents the escaping of part of reaction mixture.
In a typical run, benzoic acid and catalyst (DES or ionic liquid or ion exchange resin) were fed to the reactor with a specified amount. Temperature was set to desired value, and then heated alcohol was added to acid-catalyst mixture. During the experiments, catalyst loading was kept constant at 10wt% for all catalysts and also alcoholacid mole ratio was kept constant at 10. The weight of catalyst was determined on the basis of weight of the reaction mixture. Firstly, experiments were carried out for catalysts screening, then using the selected catalyst, effects of alcohol and temperature were performed. All experiments were conducted at a stirrer speed of 1000 rpm.
Analysis
Samples taken during the experiments were analyzed using Gas Chromatograph (Agilent 6890A). Hydrogen was used as carrier gas and the column was FFAP. The sample chromatogram was given in Figure 2 .
Figure 2. The sample chromatogram for butyl benzoate synthesis

Results and Discussion
In this study, esterification reactions of benzoic acid with ethanol, butanol and hexanol were investigated. These reactions are equilibrium reactions and slightly exothermic. The equilibrium limits the conversion of benzoic acid, so the catalytic activity of catalyst is very important to accelerate the reaction. 
Catalyst Screening
Experiments for catalyst screening were carried at the following conditions; catalyst loading of 10wt%, stirrer speed of 1000 rpm, alcohol/acid mole ratio of 10 and temperatures of 55, 65 and 75°C. Figure 3 represents the conversions of benzoic acid at different temperatures for all catalysts.
Figure 3. Comparison of catalytic activities of DES, ionic liquid and Amberlyst 15 for the synthesis of ethyl benzoate
As shown from Figure 3 , DES composed of ptoluenesulfonic acid and benzyltriethyl ammonium chloride gives the maximum conversion of benzoic acid. At 55°C, benzoic acid conversion were obtained as 52.7, 18.9 and 6 9% for DES, ionic liquid and ion exchange resin, respectively. Both DES and ionic liquid show better catalytic activity than Amberlyst 15 which is commonly used as solid acidic catalyst for esterification reactions. At 65°C, 64, 19.6 and 7.8% of benzoic acid conversions were achieved for DES, ionic liquid and ion exchange resin, respectively. And also at 75°C, similar trend was observed, and the maximum conversion was obtained as 88.4% in run catalyzed by DES. Marziono et.al. [18] studied the esterification of benzoic acid with methanol over H 2 SO 4 /SiO 2 catalyst. Experiments were carried out in presence of toluene and high percentage of methyl benzoate was achieved. In the study of Barbosa [19] , benzyl benzoate was synthesized using H 2 SO 4 and SiO 2 -SO 3 H as catalyst. To observe the catalytic acitivity of synthetic silicas, blank experiment was performed, reagents and silica was subjected to microwave radiation, and no products were detected. In presence of catalysts, benzyl benzoate and/or benzyl ether were produced at different extents according to process conditions.
Generally, Amberlyst 15 shows moderate catalytic activity in esterification reactions. In this study, very low conversion values were achieved for the experiments catalyzed by Amberlyst 15, this situation may come from the absence of suitable solvent, higher conversions of benzoic acid may be obtained in presence of suitable solvent. But our aim is to obtain the route without any solvent because of obtaining environmentally friendly operation.
Effect of Temperature and Alcohol
In catalyst screening experiments, DES (p-TSA and BTEAC) was found as the most effective catalyst which gives higher catalytic activity, no side reaction, stability during reaction and no waste.
Effect of temperature on the conversion of benzoic acid was investigated at a catalyst loading of 10wt%, acid/alcohol molar ratio of 1:10 and stirrer speed of 1000 rpm. Experiments were conducted at three different temperatures; 55°C, 65°C and 75°C. For the synthesis of butyl benzoate, effect of temperature on conversion of benzoic acid was given in Figure 4 . Increase in temperature from 55°C to 65°C raises the conversion of benzoic acid from 43.3% to 62.5%, and further increase in temperature to 75°C causes 87.8% of conversion of benzoic acid. We know that as temperature is increased, number of collisions will increase, so the conversion of limiting reactant will increase by decreasing the activation energy. Wu et. al [20] Conversion of benzoic acid was obtained as 5% at 95°C, and 7, 9 and 11% of conversions of benzoic acid were achieved at temperature of 110, 120 and 130°C, respectively. Then benzoic acid esterification over SO 4 -2 / Ti 3 AlC 2 was studied at different temperatures and increase in temperature from 50°C to 120°C leads to conversion increase from 8% to 36% at the end of 12 hours. In our study, increase in temperature lead to higher conversions than solid catalyzed reactions due to absence of mass transfer limitations.
Effect of alcohol on conversion of benzoic acid was studied by the esterification of benzoic acid with ethanol, butanol and hexanol. By this way, effect of chain length of alcohol was observed and also applicability of deep eutectic solvents to an extended range of reactions. Effect of alcohol type on the conversion of benzoic acid was investigated at a catalyst loading of 10wt%, acid/alcohol molar ratio of 1:10 and stirrer speed of 1000 rpm at different temperatures, results were given in Table 1 . In summary, we have developed an efficient and simple method to produce benzoic acid esters. Among three different catalysts, eutectic solvent showed the highest catalytic activity and stability to accelerate the esterification reactions of benzoic acid. High yields of esters were afforded with same amount of eutectic solvent. After reaction has completed, eutectic mixture can be separated from reaction mixture due to the gravity difference.
Conclusion
In this study, the catalytic activities of three different catalysts, ion exchange resin, and deep eutectic solvent and ionic liquid were tested for esterification of benzoic acid with ethanol, butanol and hexanol. Generally benzoic acid esters were synthesized using organic solvent. In this study, solvent-free reactions were conducted. High conversions of benzoic acid were achieved in the case of deep eutectic solvent.
As expected, temperature affects the conversion of benzoic acid positively. The maximum conversion was obtained for esterification of benzoic acid with ethanol at a temperature of 75°C catalyzed by deep eutectic solvent.
The applicability of deep eutectic solvents in esterification reactions is very important. Besides the catalytic activity, tunability of properties of DES is one of the most important properties. By changing HBA or HBD, different types of DESs can be prepared and also desired properties can be improved.
